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Motivation

1. Accurate knowledge of photon energy spectra is required for most
accurate density reconstructions from radiographic data and accurate
estimation of dose.

2.  Shot-to-shot variability in the energy spectrum is one limitation to
understanding areal density obtained from x-ray radiography and
advanced sources.

3.  Multi-pulse radiographic machines alter the photon energy spectra via
beam target interactions. Knowledge of the energy spectra at each pulse
Is necessary for the most accurate density reconstructions and
confirmation of hydrodynamic behavior.

Why use a Compton spectrometer? Directly measures energy spectra of X-ray beams produced
at Radiographic Test Facilities. It is necessary to reduce the photon intensity in order to av0|d
pulse pile-up and radiation damage to the detector.

“« Los Alamos
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Principle of operation

Electrons are easier to direct

— Lowers the flux

— Energy selection by bending in a magnetic field
Correlation between e- position and gamma energy
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The Compton spectrometers

632 G/cm field gradient 118 G/cm field gradient
0.5to 20 MeV <0.1to 4 MeV
300 kg ~250 kg

NdFeB SmCo —

"¢ Los Alamos

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



Slide 5

The Compton spectrometers
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The Compton spectrometers
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Data acquisition with image plates

* Feed in through the top
* Have to break vacuum

* |ntroduces ~mm position uncertainly
in focal plane

* Requires calibration of IP response
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Measurement of Mercury Iin Large-Area
Diode (distributed source) configuration

Point source example — MerCy mode
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Measurement of Mercury Iin Large-Area
Diode (distributed source) configuration

Principle motivation — validate x-ray model of Mercury in LAD configuration, 5 MeV endpoint

Distributed source example — LAD mode

anode Large Area Diode
current
mMONItors A cathode  anqde
cathode
current monitors
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:
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vacuum chamber

Spot size >15 cm annulus, 175 rad @ 1 m,
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Naval Research Laboratory — Mercury
Facility
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Simulations, collimation, and shielding

X-ray beam
distribution

Final W eollimaior
Z* zdmngth, 11.2%5 mm 1D aportene

E ]
3
=

% fem]

: . ; X-ray beam
Firat W collirmaio: ) - 4
e 4" z-lengh, 11D aperture distribution after
& z-ngth, 2 by 2° Squars aperans collimation

Stool shiakd Stead shisd collimalor
247 zdength, 13° 1D apertue

100 110 120 130

12 cm off-axis; 1.1 m from source, 6 mm Be convertor foil

z [em]

Lo
Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA NATIG NG

EST.1



Slide 12
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Scans
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Background subtraction
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Storage phosphor images
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Single-shot and average spectra

Preliminary

Comparison of Individual Runs to Model Comparison of Average (4 shots) to Model
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Conclusions

 Compton spectrometers could allow for a single-pulse, complete spectrum
measurement, complementing the standard simultaneous step wedge measurement

 The first spectral measurement of a distributed source was successfully
completed at NRL's Mercury machine (bremsstrahlung LAD, 5 MeV endpoint)

* No flash radiographic source with should be operated without an active spectrum
measurement if possible

Future Experiments:

* High energy spectrometer — second axis of DARHT, 4 pulses; FXR, 2 pulses;
HERMES Il (distributed source)

 Low energy spectrometer - More Mercury and Cygnus measurements (large-area
diodes) il
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Thank you for your attention!
Questions?

Anwsomf
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Calibration: Energy vs. position

e July 2014 at the Special Technology

Lab, National Security Technologies ‘ p(MeV /C) — A(x(cm) _ b)2
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Measurements at the Microtron

* Bremsstrahlung x-ray source electron
endpoint energies 6, 10, 15, 20 MeV

5 mm tungsten collimator, reduced
further to ~2 mm

 Sweeper magnet
e 2 -4°angular acceptance

Two target positions
Upstream
Downstream

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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Flux — how low Is feasible?

For most facilities, about 10 R @ 1m
Not at issue for Microtron, DARHT, or RITS — but could limit Mercury and Cygnus
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Measurements at DARHT
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Angular acceptance: Upstream vs. Downstream

difference difference

e
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Getting even more flux......

 We can get 2X more signal with a thick Be target
 We can get 2X more signal with a slit collimator
 These should add up
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What we really measure are
electrons on the focal plane

20 MeV Be
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Comparison of 20MeV Be data
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Spectral measurements with the small spectrometer

e [nitial calibration with weak 207-bismuth sealed source

e Linatron — continuous bremsstrahlung spectrum with
advertised 3.5 MeV endpoint, 2.5 Gy/min @ 1 m

 Mercury (in MerCy mode) at the Naval Research
Laboratory — 50 ns pulse, 4rad @ 1 m

* Cygnus radiographic machines at the Nevada National
Security Site — 50 ns pulse,45rad @ 1 m

“« Los Alamos
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207 Bismuth calibration

« Source placed in magnet entrance for 24 hours (10 uCi)

 Internal conversion electron lines provided known
energy positions

1200 976 keV 1048 keV
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Preliminary calibration

3000 T T J T ! ! ! ! 35 T T i '
2500 - 976 keV | 300

=
£

2000 é 257 |
% 482 keV 2

> G 20+ ,
g 1500 S
P 9]

o o L 4

< & 15

G 1000 554 keV &
@

Y 11048 kev 3 10 |
56 keV w

500 -
50 Energy(keV) = (3.633"position(cm) - 11.85)2
0 : : : : : ! - : O 1 L 1 L 1 L L 1
2 4 6 8 10” 12 14 16 18 20 4 5 6 7 8 9 10 1 12 13
Position (cm) Postion (cm)

Future calibration at an electron linac will extend the range of energies
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Linatron spectral measurement
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Electron Counts

Linatron spectral measurement
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Images and preliminary Data

Background
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Experimental setup at Cygnus
Rod Pinch ‘ \[

Diode

Inductive Voltage

i

Marx Generator

Water Transmission
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Pulse Forming
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1.2 m from source
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Spectral variation from step wedge data

Dose Normalized Spectra Cygnus Shots 679 - 787 1.5mm tip
1.00E+12
1.00E+11
Courtesy of Monty Wood
—Shot
1.00E+10 -
- 679
5 = Shot
=] 681
= —Shot
5 1.00£40 o Inferred from I, V
= = Sho
£ __ss  measurements &
= 687 :
1.00E+08 —snee  Modeling
689
= Shot
691
1.00E+07 ——5hat
693
1.00E+06
o} 0.5 1 1.5
Photon Energy (VieV)

“«Los Alamos

NATIOMNAL

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



Slide 34

Sample electron spectrum from Cygnus
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Preliminary photon spectrum with
comparlson to model

uly 27th AM - background ) Cygnus Averaged Shots
T T W0 E

P corrected photon int

MeV
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Right: Average of 8 shots o
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And then the magic hap}

The relationship between the electron

detection on the image plae and the photon

energy spectra can be expressed as
R-s=m

Where R is the response matrix, § is the | —

unknown photon spectrum , and m is the
electron distribution on the focal plane.

2.50€-03

2.00E-03

R is determined from MCNPG6 simulation of

1.50E-03

mono-energetic photons impinging on the s |
Compton converter and mapped onto the focal 500608
plane with a quadrupole magnetic field — 3
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